Chaetochromin (1) is a mycotoxin, first isolated from Chaetomium thielavioideum CHEN NHL2829, and was identified as 2,2',3,3'-tetrahydro-5,5',6,6',8,8'-hexahydroxy-2,21,3,3 '-tetramethy149,9'-bi-4H-naphtho [2,3-b] pyran-4,4'-dione].1) The synonomy of the species, Chaetomium cellulolyticum CHAHAL and Achaetomiella virescens V. ARx with C. virescens (v. ARX) UDAGAWA was later proved2) and the species was characterized by the production of the set of mycotoxins, chaetochromin (1), chaetocin, and sterigmatocystin.3) Chaetochromin (1) was also isolated from Chaetomium caprinum BAINIER, C. gracile UDAGAWA, and C. tetrasporum HUGHES.3) Chaetochromin was demonstrated to induce delayed liver injuries, bone marrow aplasia, and atrophy of lymphatic tissue in mice,4) and to exhibit teratogenicity (e.g., inducing exencephalus) on administration to pregnant mice.5) The compound was effective in the treatment of MX-1 breast xenograft, M5076 ovarian carcinoma, and P388 lymphocytic leukemia in mice. 6) To perform detailed biological testing, large amounts of the material were required and the strain (73-S-T-Y-3)3) of C. gracile was selected among the available strains as the best producer of chaetochromin (1) . This paper presents the structures of three congeners of chaetochromin isolated in the course of the study and also the relative stereochemistry of chaetochromin (1) , which remained unsettled at the time of the structure elucidation." Preparation of some derivatives of 1 for the examination of structure-activity relationship is also presented.
Dichloromethane extract of the strain of C. gracile cultured on wheat grains afforded , besides the major metabolite chaetochromin (this compound will hereafter be referred to as chaetochromin A (1)), three congeners named chaetochromins B (2), C (3), and D (4) by silica gel chromatography and high-performance liquid chromatography (HPLC) on Nucleosil 50-5. Chaetochromins B (2), C (3), and D (4) showed nearly the same ultraviolet (UV) and infrared (IR) absorptions as chaetochromin A (1), indicating the presence of the same naphthoy-pyrone chromophores in the molecules. Molecular formulae determined by high-resolution mass spectroscopy (MS) indicated C30H26O16, C291424O10, and C301124O10 for 2, 3, and 4, respectively. The values correspond to an isomer and demethyl and dehydro derivatives of 1, respectively. The proton and carbon-13 nuclear magnetic resonance (1 H-and 13C-NMR) spectra of these compounds (Tables I and II) clearly indicated the structural differences of these compounds. Chaetochromin A (1) is a symmetric dimer and all the NMR signals represent the summation of two identical halves in the molecule. The NMR spectra of the three congeners (2) (3) (4) showed that the two halves in these molecules are not the same. In the 13C-NMR spectrum of chaetochromin A (1) fifteen signals appear , while in that of chaetochromin B (2) thirty signals, two corresponding to each signal in 1, were observed . The 1H-NMR spectrum of 2 showed that the relative stereochemistry of the two secondary methyl groups at the 2-and 3-positions in one half of the molecule is the same as that of the two methyl groups in 1 (J2H-3H, 11.0 Hz both in 1 and 2), but the other 2,3-dimethyl group in 2 showed a different coupling constant (2H -3H, 3.1 Hz). In the previous paper1) the stereochemistry of chaetochromin A (1) remained unsettled. Comparison of these coupling constants clearly indicated that both of the vicinal methyl groups in 1 and one of the two in 2 are trans , while the other in 2 is cis. Reexamination of the 13C-NMR data, such as 3JCH of the C-3 proton and C-2 methyl carbon (1.8 Hz) in 17) did not show any discrepancy in the assignments. Thus, the structure of chaetochromin B (2) was established as the stereoisomer of chaetochromin A (1), where one of the two trans-2,3-dimethyl groups was replaced by a cis-2,3-dimethyl group. In chaetochromin C (3), the next congener, one of the four secondary methyl groups is lacking (1H-and 13C-NMR), and the 1H-NMR spectrum indicated the presence of one methylene group at the 3-position (6 2.681 and 2.676, each 1 H). The spectral data indicated that the other part of the molecule is the same as in 1. Thus, chaetochromin C (3) is composed of half of 1 having a 2,3-dimethyl group and half having a 2-methyl group but lacking the 3-methyl group. Cephalochromin (5), a metabolite of Cephalosporium sp.,8,9) Verticillium sp.,1°) Nectria viridescens,11) and N. flavoviridis,11) is a known dimer of the latter half of chaetochromin C (3).
The third compound, chaetochromin D (4), showed the presence of one y-pyrone moiety instead of one dihydro-y-pyrone unit in the molecule of chaetochromin A (1): one of the two pairs of two sp3 carbons at the 2-and 3-positions is replaced by one pair of two sp2 carbons (13C-NMR of 4, 6 : 162.4 and 113.1 ppm) and one of the two pairs of vicinal secondary methyl groups is replaced by a dimethyl group on a double bond (1H-NMR of 4, 6: 1.99 (3H, s) and 2.29 (3H, s)). These facts indicated that chaetochromin D (4) corrresponds to the 2,3-dehydro compound of chaetochromin A (1). In the case of cephalochromin (5), the bisdemethyl compound of chaetochromin A (1), coproduction of the bisdehydro compound (6) and the tetrakis-dehydro compound (isoustilaginoidin A) (7) by Verticillium sp. was reported.1°)
The circular dichroism (CD) curves of these compounds (1-4) showed positive Cotton effects around 295 nm and negative effects around 265 nm, as shown in Fig. 1 , indicating the same stereostructure around the 9-9' positions, which is antipodal to that in ustilaginoidins, metabolites of Claviceps virens (anamorph state: Ustilaginoidea virens).12) The absolute configurations of these compounds will be the subject of a forthcoming paper.
To examine the structure-activity relationship of the chaetochromin and related compounds, partial methylation and acetylation of chaetochromin A (1) (11) were prepared and the structures were confirmed by 1H-and 13C-NMR as shown in Tables III and IV . The results of biological tests will also be reported in a forth coming paper. 
